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PRODUCTS FOR INHIBITING THE ADHESION, GROWTH AND/ OR 
SURVIVAL OF PATHOGENS v ; \ 

The present invention concerns products fox inhi- 
biting the adhesion of pathogens to intestinal ^epithelial 
5 mucosa, or for inhibiting the growth and/or survival of 
pathogens in animals including humans. 

The invention also concerns a method for producing 
said products and preparations containing the products. 
Furthermore, the invention concerns! preparations con- 
1Q taining the products or viable strains of certain Lacto- 
bacillus as well as a method of treating animals with the 
claimed products. 

The products are Lactobacillus metabolites/ including 
high molecular weight proteinaceou? compounds, which inhi- 
15 bit the adhesion, growth and/or survival of pathogens, 

such as Escherichia coli, Clostridium, Salmonella, Campy- 
lobacter and Streptococcus strains. 

The role of Lactobacillus within the gastrpintestinal 
tract has been extensively investigated and reviewed (e.g. 
20 Sandine et al, 1972; Speck, 1976; Sandine, 1979; Aim, 
1980; Pollmann et al, 1980; Shahani and Ayebo, 1980; 
Fernandes et al, 1987) and a number of beneficial roles 
have been proposed (see Table 1). 

Table 1 

25 Summary of the reported beneficial effects of lactobacil- 
lus in the gastrointestinal tract. Numbers in parenthesis 
refer to examples of studies for each area. 

Establishment and stabilization of the gut microflora (1) 
3 q Protection against pathogen colonization (2) 

Reduces bacterial diarrhea and subsequent mortality (3) 
Production of bacteriocins/antimicrobial compounds (£) 
Increased weight gain for a range of anipiaj. hosts (5, 6) 
Stimulation of the immune system ( 7 ) 
35 Decreased incidence of tumours (8) 

Decreased risk for colon cancer (9) (cont. ) 
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(cont. Table 1) 

Assimilation of cholesterol (10) 
Reduction of serum cholesterols (11) 
Deconjugation of bile acids (12) 
5 Improved gastrointestinal motility in the elderly (13) 
Improved egg production and quality in hens (14) 
Improved nutritional status of food (15) 
Improved tolerance of lactose (16) 
Metabolism of some drugs (17) 

10 

1. Morotomi et al, 1975; 2. Muralidhara et al, 1977; 3. 
Luckey, 1984; 4. Barefoot and Klaenhammer, 1983; 5. 
Robinson and Thompson, 1952; 6, Lessard and Brisson, 1987; 
7. Perdigon et al, 1987; 8. Goldin and Gorbach, 1980; 9. 

15 Goldin et al, 1980; 10. Gunewald, 1982; 11. Gilliland et 
al, 1985; 12. Gilliland and Speck, 1977; 13. Aim et al, 
1983; 14. Miles et al, 1981; 15. Gurr, 1987; 16. Kolars et 
al, 1984; 17. Pradham and Majumdar, 1986. 

For all the studies presenting the benficial role of 

20 the entire normal microflora, there have been almost as 
many studies implicating lactobacilli as having the 
capacity to achieve similar beneficial effects. Clearly, 
the validity of such a situation raises doubt in the minds 
of many. Doubts have been strengthened by contradictory or 

25 non-conclusive results as to the beneficiac effects of 
lactobacilli (e.g. as summarized by Tuschy, 1986). 

Non-conclusive or not statistically significant 
results are often reported when attempts are made to con- 
firm that lactobacilli improve the health of the host. 

30 Inconsistencies in reports began at the turn of the 
century, when the works of Cohendy (1906a and b) and 
Belonovsky (1907) showing colonization of the intestine 
were not supported by other studies in which the adminis- 
tered strain could not be estabilished (Luerssen and KUhn, 

35 1908; Herter and Kendall, 1908; Distaso and Schiller, 

1914; Hull and Rettger, 1914). This situation continues to 
occur today as many workers report a failure in persis- 
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tence of administered lactobacilli (e.g. Jonsson, 1986; 
Pedersen and Tannock, 1986) while others have succeeded in 
achieving implantation in the same, host ( Conway; et al , 
manuscript). Contradictory results appear for all reported 
5 beneficial effects. For example, Muralidhara et al (1977) 
reported a decrease in E. coll in lactobacilli dosed pigs 
while Pollmann et al (1980) showed no difference in E. 
coli levels between control and lactobacilli dosed 
piglets. These types of results are assumed to be com- 
10 parable without consideration that lactobacilli strains 
and conditions of the host may vary markedly. 

It has been convincingly shown that lactobacilli are 
beneficial for the health of newborn babies (e.g. Yoshioka 
et al, 1983) as suggested for fowls (Fuller, 1973), and 
15 that they reduce pathogenic coloform levels (e.g. Barrow 
et al, 1980). A common statement in the introduction of 
papers dealing with lactobacilli in the gastrointestinal 
tract is: Lactobacf illi are known to regulate the 
intestinal microflora and influence the health and well 
20 being of the host. This poorly defined statement is not 
entirely supported by published data. Within the adult 
alimentary tract, the clear definition of the role of 
indigenous lactobacilli has been clouded by the issue of 
whether ingested lactobacilli play a beneficial role, in 
25 some cases without destinguishing that the lactobacilli 
used to produce fermented milk products may have entirely 
different characteristics from those colonizing the 
gastrointestinal tract. There is a very obvious trend that 
lactobacilli contribute significantly to the well being of 
30 the host (reviews cited previously), however, this has 
often been reflected as trends rather than conclusive 
facts and reports often differ. 

INDIGENOUS LACTOBACILLI OF THE GASTROINTESTINAL ECOSYSTEM 
Description of the Ecosystem 
35 The gastrointestinal tract of man and most animals is 

a complex ecosystem in which a dynamic equilibrium exists 
between the microflora, the diet and the host (Savage, 
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1977). Contributions to the ecosystem from the host 
include the peristalsis and motility , the immune response, 
the mucosal surface and secretions. The microflora 
consists of extremely diverse bacterial species colonizing 
5 both lumenal contents and epithelia surfaces. Nisse (1916) 
was the first to propose that the intestinal microflora 
may yield protection against infection and Freter (1955, 
1956) provided direct evidence that elimination of the 
flora rendered animals susceptible to pathogens. While it 

10 has been shown by many that the normal microflora play a 
protection role (reviewed by Hentges, 1983), the specific 
contribution of the lactobacilli is more diffuse. In the 
nwe-born, lactobacilli constitute the major bacterial 
genus prior to the successive colonization by other 

15 bacterial species from the environment and the mother 
(e.g. Bettelheim et al, 1974; Ducluzeau, 1983). Using 
conventional and gnotobiotic animals, Morotomi et al 
(1975) showed that lactobacilli control the population 
levels of bacteria in the stomach and small intestines of 

20 rats (Morotomi et al, 1975). Robinson and Thompson (1952) 
reported that breast fed infants developed a stable 
microflora of about 99% Lactobacillus bifidus within 3 to 
4 days and that these lactobacilli lowered the incidence 
of colic and digestive disturbances. The introduction of 

25 cow's milk has been shown to decrease the numbers of L. 

bifidus and increase the numbers of E. coli by 1-2 and 2-3 
log counts, respectively (Willis et al, 1973). Ingestion 
of solid food induces the rapid development of the complex 
microflora, of which Lactobacillus represents one of the 

30 dominant groups. 

The average levels of lactobacilli cultured from 
samples through the alimentary tract are shown in Table 2. 
While the data for humans reflects the lumenal contents 
profile, numerous animal studies have demonstrated that 

35 Lactobacillus colonized the squamous epithelia of a range 
of hosts including chickens (Fuller and Turvey, 1971), 
swine (Tannock and Smith, 1970) and rodents (Brownlee and 
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Moss, 1961). Permanent colonization of the hitman epi- 
thelium has not been examined to date, however/ 
lactobacilli have been cultured from surgical samples from 
the mucosa of the jejunum (Plaut et al, 1967; Nelson and 
5 Mata, 1970) and colon (Nelson and Mata, 1970; Bdmiston et 
al, 1982). These studies, supported by the demonstration 
of in vitro adhesion to human ileal cells (Conway et al, 
1987) and to fetal intestinal cells (Kleeman and Klaen- 
hammer, 1982), is suggestive that colonization of the 
10 healthy human mucosa may occur. 

Table 2 



Occurrence of lactobacilli in the gastrointestinal tract 
of man and pigs. Values expressed as log bacteria per ml 
or gram of contents and per 100 mm 2 epithelial surface. 



Host 


Stomach 


Ileum 


Colon 




Surface Contents 


Surface Contents 




Man 3 


ND 0-4 


ND 3-7 




Rats b 


3-4 ND 


ND ND 


7-9 


Pigs c 


7.9 8.9 


6.9 8.3 


9.6 



a. Data complied from Evaldson et al (1982) 

b. Data complied from Adams and Conway (1981) 

25 c. Data complied from Conway et al (manuscript in pre- 
paration 

ND corresponds to no available data 
Stability 

During development in the young, the normal raicro- 
30 flora is rather unstable and the host therefore more 
susceptible to invasion by ingested pathogens 1 . In cont- 
rast, the normal human adult microflora has been shown to 
be remarkably stable (reviewed by Hentges, itiffSf, ^although 
this may reflect difficulties of sampling and cuituring, 
35 because changes have only largely been observed for the 
easily recognized and cultured bacterial types (JTannock, 
1983). Consequently, lactobacilli have been shown to be 
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sensitive to change, for example, lactobacilli are sup- 
pressed very rapidly in man when the subject is exposed to 
nervous-emotional stress effects, as provoked prior to 
cosmic flights (Lizko et al, 1984), Furthermore, piglets 
5 when being weaned onto solid foods are extremely 

susceptible to bacterial induced diarrhea from E. coli K88 
(e.g. Tziperi et al, 1984). 

From numerous animal dietary studies, the lacto- 
bacilli emerge as indicators of dietary stress (reviewed 

10 by Tannock, 1983). Mice fed a semisynthetic diet had fewer 
faecal lactobacilli than controls (Dubos and Schaedler, 
1962) and rats fed a meat diet (Brownlee and Moss, 1961), 
a synthetic corn oil diet (Brockett and Tannock, 1981) or 
dietary additives (Adams, 1980; Adams and Conway,* 1981) 

15 had no lactobacilli remaining adhered to the squamous 

epithelium. In addition, rodents had fewer lactobacilli in 
the stomach and intestine after several days of starvation 
(Porter nad Rettger, 1940; Morishita and Miyaki, 1979), as 
well as no detectable surface associated lactobacilli 

20 (Tannock and Savage, 1974; Conway et al, 1986). The role 
the diet can play on colonization by lactobacilli is 
further empasised by the work of Lhuillery et al (1981). 
These workers showed that, while germ free mice fed either 
a commercial diet or a semi -synthetic diet were similarly 

25 colonized with a Lactobacillus strain, the off -spring of 
the semi- synthetic diet fed animals lacked the strain 
during lactation. The off -spring from the mice receiving 
commercial diet were rapidly colonized. 
REPORTED BENEFICIAL EFFECTS 

30 The proposed beneficial effects range from direct 

bacterial interactions with pathogens to interactions with 
the host physiology and antitumour activities (Table 1). A 
general phenomenon throughout all roles is that the growth 
and most probably metabolites of lactobacilli exert an 

35 effect within the gut ecosystem. This effect may directly 
or indirectly be beneficial. The antimicrobial, anti- 
cholesteremic and anticarcinogenic activities have been 
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recently reviewed (Fernandes et al, 1987), as -has. the 
enhanced bioavailability of nutrients and tolefance to 
lactose (Gurr, 1987). These can be broadly divided into 
antimicrobial, physiological and biochemical effects. 
5 Antimicrobial activitets 

It has been shown that dosage of lactobacilli signi- 
ficantly decreases numbers of E. coll in vivo in chickens 
(Fuller, 1978), pigs (Barrow et al, 1980) and humans 
(Lidbeck et al, 1987), to cite just a few examples. Such 

10 an effect could lead to improved weight gain, improved egg 
production and quality, and decreased incidence of 
diarrhea and mortality but demonstration of such indirect 
effects has often been inconclusive. The lactobacilli have 
been shown in vitro to act directly on pathogens by inhi- 

15 bit ion of growth. This growth inhibition has been conside- 
red the major antagonistic action of lactobacilli. This 
view may be too simplified and perhaps it ismbre appro- 
priate to talk in terms of competitive colonization which 
includes growth and colonization inhibition. 

20 Lactobacillus primary metabolites such as lactic and 

acetic acid and hydrogen perioxide have been shown to be 
inhibitory to the growth of pathogens (e.g. reviewed 
Klaenhammer, 1982). In addition, low molecular weight 
metabolites with antagonistic properties have been repor- 

25 ted, with some being active against specific strains (e.g. 
Barefoot and Klaenhammer, 1983; McCorraick and Savage, 
1983) while other workers report compounds with broad 
spectrum in vitro antagonistic activities (Goldfn and 
Gorbach, 1987; Axelsson et al, 1987). 
30 Ten Brink et al (1987) raised the issue that many 

reported antimicrobial compounds of lactobacilli are 
primary metabolites and proposed a new screening proce- 
dure. Using this method, two strains were shown to produce 
a protein-like antimicrobial compound active against a 
35 limited number of Gram positive bacteria. 
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The concept of competitive inhibition implies that 
the lactobacilli may out-compete the pathogens by either 
occupying the binding sites on the epithelia or exhausting 
the nutrients. This concept has been used by Nurmi and 
5 Rantala (1973) who implanted a mixture of non-pathogenic 
bacteria in the chicken to prevent pathogens establishing 
and Duval-Ifalh et al (1982) by introducing non-pathogenic 
E. coli in babies to competitively exclude antibiotic 
resistant E. coli. Pathogenic bacterial strains , e.g. 

10 enteropathogenic E. coli, colonize the gastrointestinal 
tract e.g. by adhering to the intestinal mucosa using 
proteinaceous fimbrial appendages such as the K88, K99, 
CFA/I, CFA/II, 987p and F41. Competition for the 
epithelial cell surface has been shown in an in vitro 

15 study in which E. coli cells were unable to adhere to 
epithelial cells already colonized by Lactobacillus 
acidophilus (Table 3). 

Table 3 

Adhesion of E. coli K88 and L. acidophilus to pig ileal 
20 cells. 



Bacteria Pre-treatment* 


Bacteria Adhering 




per ileal cell 


L. acidophilus 


165 


E. coli 


78 


E. coli + 


0 



Ileal cells incubated with L. acidophilus prior to assay 
30 In Swedish Patent Application No. 8405587-0, 

especially the new description filed on September 25, 
1986, there is described a method of enhancing the 
adhesion of e.g. lactobacillus and Streptococcus to the 
gastrointestinal tract of experimental animals. It was 
35 found that the specific binding of the organisms to 
•epithelial cells of the host organism is mediated by a 
certain protein, the so called APP (adhesive promoting 
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protein). This method Is thus concerned with the concept 
of outconcurring pathogens in the gastrointestinal tract 
by administering beneficial bacilli, which adhesre to the 
epithelial mucosa and colonize the gut. 
5 The present invention is concerned witft the .problem 

of gastrointestinal disturbances which are induced by, for 
example, antibiotic dosage or dietary alterations, resul- 
ting in pathogenic bacterial infections, for example, 
travellers diarrhea in humans, outbreaks of gastrointes- 
10 tinal infections in piglets. ' 

One object of the invention is to provide products 
for inhibiting the adhesion of pathogens to'; gastroin- 
testinal epithelium of humans and animals. 

Another object of the invention is to provide pro- 
15 ducts for inhibiting the growth of pathogens In animals 
including humans. 

A further object is to provide products for inhibi- 
ting the survival of pathogens in animals including 
humans. 

20 Yet another object of the invention is to provide a 

method of producing products for inhibiting the adhesion 
of pathogens to gastrointestinal epithelial n&cosa-, or for 
inhibiting the growth and/or survival of pathog4ns in 
animals including humans. 
25 A further object of the invention is to provide* pre- 

parations containing, as an active ingredierit, products 
for inhibiting the adhesion of pathogens to gastroin- 
testinal epithelial mucosa, or inhibiting the growth 
and/or survival of pathogens in animals including humans. 

Another object of the invention is to provide pre- 
parations containing viable strains of Lactobacillus 
preferably originating from the gastrointestinal txapt of 
the host to which the preparations will be administered. 
A further object of the invention is to provide 
35 methods of inhibiting the adhesion of pathogens tQ ^gastro- 
intestinal epithelial mucosa, or inhibiting the^grQw#h 
and/or survival of pathogens in animals including huAans. 



30 
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We have recently demonstrated a protein-like metabo- 
lite with a molecular weight greater than 8,000 and that 
is active against a series of E. coli pig pathogens. These 
protein-like compounds may fall into the category of 
5 bacteriocins as described by Tagg (1976), who defined them 
as plasmid encoded, protein molecules which have a narrow 
bacteriocidal range and function by attachment to specific 
cell receptors. 

In a separate study, preliminary results have shown 

10 that the adhesion of an E. coli K88 strain to pig intesti- 
nal mucosa was inhibited by the high molecular weight 
metabolites of lactobacilli isolated from the pig but not 
of lactobacilli from the mouse digestive tract (Table 4). 
Subsequent studies suggest that this was not the growth 

15 inhibitory compound and the mechanism of inhibition of 

adhesion is being investigated. Lactobacillus metabolites 
may inhibit pathogen colonization of the mucosal surface 
which is a prerequisite for pathogenicity for many 
strains. Consequently, factors in addition to growth 

20 inhibitory activities should also be considered. 

Table 4 

Adhesion of E. coli K88 to pig mucus containing the 
receptor in the presence of high molecular metabolites of 
lactobacilli strains from the digestive tract of mouse and 
25 pig. 



Metabolite source 


Host origin 


Adhesion "to mucus 


Buffer 




100% 


L. fermentum 


Mouse 


95% 


L. murinus 


Pig 


36% 


Lactobacillus sp. 






strain 152 


Pig 


48% 



The products according to the invention consist of 
35 metabolites including high molecular weight proteinaceous 
compounds produced by strains of Lactobacillus preferably 
originating from the gastrointestinal tract of the host to 
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which the products will be administered. 

In a preferred embodiment the strains of laqtoba- 
cillus is Lactobacillus crispatus (fermentum). 

Both low and high molecular weight compounds are 
5 inhibitory to pathogens. However, the preferred products 
are high molecular weight, proteinaceous metabolites pro- 
duced by strains of Lactobacillus driapatus (fermentum), 
which metabolites have the following characteristics: 
a) they have molecular weights greater than 8,000; 
10 b) they are heat sensitive; 

c) they are sensitive to acid buffers; 

d) they bind to enteropathogenic E. coli strains; 

e) they have enhanced activity in the presence of lactic 
acid; r- 

15 f ) the production of which is favoured by growth in com- 
plex media rather than in semi-defined medium; 

g) the production of which is favoured in semi -anaerobic 
growth conditions; 

h) the production of which is optimal in the late log 
20 phase and the stationary phase of growth of the L 

lactobacilli; 

i) they are released into the growth medium. 

As is stated above, it is known that primaify pietabo- 
lites of Lactobacillus, especially L. acidofilus, is 

25 inhibitory to the growth of pathogens, but it is totally 
new that also high molecular weight products ire effective 
in this aspect. Also it is very surprising that the meta- 
bolites, both low and high molecular weight compounds, 
also inhibit the adhesion and survival of pathogens. 

30 An optimal method of producing the products according 

to the invention is also provided. In this method . a strain 
of Lactobacillus preferably originating f roih the gastro- 
intestinal tract of the host to which the products will be 
administered is cultured in complex media under semi- anae- 

35 robic growth conditions, whereby the optimal production of 
metabolites occurs in the late log phase and in the sta- 
tionary phase of the growth, and the metabolites are 
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recovered from the growth medium into which they are 
released during the culturing. 

The preparations according to the invention can 
either comprise the metabolites defined above or viable 
5 strains of the Lactobacillus that have the capacity of 
producing the defined metabolites. In any cases , the 
preparations may comprise pharmaceutical^ acceptable 
constituents. The administration of viable cells will 
allow production of metabolites in vivo, without 

10 colonization being achieved or required. 

The preparations according to the invention are 
administered to animals including, for instance, humans, 
piglets and chicken. The dosage. could well be estimated by 
the person skilled in the art of human or veterinary 

15 medicine. 

Strain selection for dietary adjuncts 

Many of the early studies concentrated on the 
beneficial effect of ingesting lactobacilli fermented milk 
products and lactobacilli strains used in the food 

20 industry. More recently, attention has been directed 
towards specifically selecting lactobacilli strains of 
gastrointestinal origin and with desirable characteristics 
(e.g. reviewed by Klaenhammer, 1982). This concept has 
already been extended to using host specific lactobacillus 

25 for producing a fermented milk product (Cole and Fuller, 
1984; Ratcliffe et al, 1986). 

Our first step in developing a lactobacillus prepa- 
ration that can induce a beneficial effect, has been to 
define the target that is an antagonistic action against 
30 pathogens, and then develop a rapid screen to ensure that 
the lactobacilli to be used has this characteristic. In 
addition, it is cnfirmed that the selected strain has the 
capacity to remain viable and active in the digestive 
tract. The survival of lactobacilli cells in human stomach 
35 acidity and during transit through the tract has been 

investigated both in vivo and in vitro (Robins -Browne and 
Levine, 1981; Lindwall and Fonden, 1984; Pettersson et al, 
1983a, 1983b; Lindwall and Fonden, 1984; Conway et al, 
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1987) and our strains have been selected with enhanced 
survival capacity. 

Stability of desired characteristics 

Many of the earlier preparations were not consistent 
5 with regards to the viability of the preparation, 'as 
experienced by Clements et al (1983). These work^ts used 
different batches of the same commercial bacterial 
preparation and obtained conflicting results in human 
study. 

10 There have been numerous examples of instability of 

specific character traits. Once a strain with the desired 
characteristics is selected, the stability of viability 
and various characteristics should be investigated because 
there have been numerous examples of instability of speci- 

15 fic character traits. Instability will obvously lead to 
inconsistencies in results e.g. failure to observe anta- 
gonistic effects. We have observed a loss of the capacity 
to produce a high molecular weight bacteriocin-ldke 
compound from some gastrointestinal isolates while other 

20 strains of ours exhibit extremely stable antagonistic 
properties. " '." " 

Lactobacilli strains isolated from the porcine 
gastric epithelium, including strains 152 and' 104, exhibit 
an antagonistic effect on the growth of pathogenic E. 

25 coli. Strain 104 was administered to piglets in a fi<ald 
study and the results look very favourable as to the 
beneficial role that strain 104 has within the gastro- 
intestinal tract. 

In a similar study the human strain L. fermentum KLD3 
30 was studied. 

Within the gastrointestinal tract, the interactions 
between lactobacilli and coliforms encompass more than 
just growth inhibition. We have also considered the effect 
of lactobacilli on the colonization potential of- the 
35 coliforms. "4 
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Antagonistic effects of Lactobacillus spp. on E. coli 
colonization potential 

We have studied the effects of lactobacillus 
metabolites on the capacity of E. coli K88 to adhere to 
-5 ileal mucosa because adhesion via the K88 fimbriae 
represents the first step in the infection process. A 
number of lactobacillus strains have been examined and it 
was noted that L. fermentum typical strains produced 
metabolites with molecular weights greater than 8,000 

10 (because they do not pass through dialysis tubing with 

that size cut-off) which inhibited the adhesion of the K88 
fimbriae. The mode of action appears to be -that the 
lactobacilli metabolites bind to the mucus and thereby 
inhibit adhesion. Further fractionation of the metabolites 

15 showed that the active fraction has a molecular weight 
greater than 30,000 and that it is not the same compound 
which inhibits growth of the E. coli as presented below. 
The presence of the K88-adhesion- inhibitory substance was 
influenced by the nutrients supplied to the lactobacilli. 

20 Antagonistic effect of Lactobacillus crispatus strain 104 
on growth of E. coli 

Lactobacillus crispatus strain 104 was found to 
inhibit the growth of E. coli strain C23. Inhibition was 
not only found with the crude supernatant but also with 

25 dialysed supernatant, indicating a substance other than 
lactic acid, acetic acid or H 2 °2 as the an * a ffonist. We 
have determined the optimal growth conditions for the 
production of this antagonistic product by strain 104, 
characterized the structure and function of the anta- 

30 gonist, and examined the range of bacteria which are 
sensitive to this antagonistic product. 

Characterization of L. crispatus strain 104 revealed 
that it consisted of two different colony variants, smooth 
and rough, when plated on agar plates. On MRS-agar plates 

35 smooth colonies were exactly round and shiny, whereas the 
rough colonies were irregular in shape and dull. 
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To be able to find optimal conditions for the 
production of the antagonist by strain 104 xb, the 
influence of carbon source , oxygen tension/ aind» grottth 
phase were investigated. Glucose was the only barbon 
5 source, out of 10 tested, that allowed the production of 
the antagnist. Although strain 104 rb grew well on saccha- 
rose, melobiose, maltose, and raffinose, no antagonistic 
activity could be detected in the supernatant of these 
cultures. Semi-anaerobic conditions, as present in 
10 anaerobic jars with a lighted candle, favoured the 
. production of the antagonist. In the supernatant of 
cultures, uncubated unshaken under aerobic conditions less 
activity was found, and no activity at all in the 
supernatant of anaerobic cultures. Strain 104 rb did not 
15 grow in aerated (shaken) flasks. Test for antagonistic 
activity of supernatants from different growth phases of 
strain rb showed that most of the antagonist wa& produced 
in the stationary phase. * 

Parallel to these experiments the antagonistic 
20 product of strain 104 rb was characterized. From the cut 
off of the dialysis membrane it was known that the mole- 
cular weight was higher than 8000. In further experiments 
it could be shown that the antagonistic product was heat 
sensitive and sensitive to acid buffers. When the dialysed 
25 supernatant of strain 104 rb was pre-incubated with E. 
coli, recentrifuged to remove the E. coli cells and then 
tested, no growth inhibition of E. coli was four*d. This 
indicated that the antagonist was binding to B. -coli 
cells. All these characteristics make it plausible that 
30 the antagonistic product of strain 104 rb is a protein. 

In all the experiments mentioned above the anta- 
gonistic effect was measured as growth inhibition of E. 
coli. E. coli was inoculated in medium coi^tair>g"the 
dialysed supernatant of strain 104 rb. By recording the 
35 growth of E. coli in comparison to a control, containing 
dialysed medium instead of supernatant, the inhibition of 
E. coli could be recorded. Since the antagonistic effect 
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was only small in these experiments, investigations were 
carried out f how the sensitivity of E. coli against the 
antagonist could be increased. E. coli was much more 
sensitive when the supernatant of strain 104 rb was added 
5 to stationary phase cells , together with the amount of 
lactic acid, acetic acid, and ethanol produced by strain 
104 rb in BHI containing 2% glucose (Tab. 5). The anta- 
gonist significantly increased the effect of the acids and 
ethanol on E. coli. While 6.3 x 10 5 CFU of E. coli were 

10 found in the control after 12 hours of incubation, only 
2.4 x 10 4 CFU were found in the cultures with added 
supernatant. The same results were obtained, when E. coli 
was cultivated for 12 hours in medium with 2% glucose 
before the supernatant of strain 104 rb was added (Tab. 

15 6). 

Table 5 

Cell number of E. coli C 23 after 24 hours of incubation. 
Cultures were grown in BHI medium for 12 hours (stationary 
phase) before additions were made. 
20 Addition Cell number after 24 h 



Control 
Supernatant 

Control + lactic acid + ethanol + 
25 acetic acid 

Supernatant + lactic acid + etha- 
nol + acetic acid 

Table 6 

30 Cell number of E. coli C 23 after 24 hours of incubation. 
Cultures were grown in BHI medium with 2% glucose for 12 
hours (stationary phase) before additions were made. 
Addition Cell number after 24 h 



35 Control 3.3 x 10 

Supernatant 1.1 x 10 



4.2 x 10° 
4.6 x 10 8 

6.3 x 10 5 

2.4 x 10 4 
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Effect of Lactobacillus strain 104 on the growth of E. 
coll K88 ..... ' 

B. coll K88 was grown under anaerobic conditions in 
BHI medium (brain heart infusion, Oxoid) with 2% glucose 
5 in the presence and in the absence of Lactobacillus strain 
104r or 104s. 

In the cultures were Lactobacillus strain 104r or 
104s were present, the growth rates of E. coli were 
reduced and the viability of E. coli K88 in the stationary 
10 phase dramatically decreased (Fig. 1). While 6.3 x 10 8 cfu 
of E. coli K88 were found in the control culture after 
24 h, less than 10 viable cells were present in the 
cultures with the lactobacilli . 

To exclude effects of low molecular weight acids and 
15 H 2 0 2 produced by the lactobacilli, the supernatant was 
dialysed and then tested for effects on growth (B.) and 
viability (C. ) of E. coli K88. 

The results are shown in fig. 1. 
Effect of d ialysed supernatant on the growth of E. coli 
20 K88 *" • . : 

Dialysed supernatants of 28 h cultures of Lacto- 
bacillus train 104r or 104s, BHI + 2% glucose growS, were 
mixed 1:1 with anoxic BHI medium and inoculated with E. 
coli K88. Dialysed BHI medium was used as control!. The pH 
25 was adjusted to 6.0 in all experiments. 

The growth of E. coli K88 was only slightly affected 
by supernatant of the smooth variant of strain 104, while 
the rough variant supernatant clearly reduced growth X Fig. 
2a). The growth inhibition was enhanced 4-fold when the 
30 supernatant of strain 104r was concentrated 10-fold by 
freeze drying (Fig. 2b). 

The results are shown in fig. 2. • 
Effect of the dialvsed supernatant on the viability of E. 
coli K88 

35 E. coli K88 was pregrown to stationary phase in BHI 

with 2% glucose, before the addition of supernatant of 
Lactobacillus strain 104r or 104s. Dialysed' BHI served as 
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control supernatant. The pH was adjusted to 5.0 in all 
experiments. After 24 h r the number of viable E. coli K88 
cells was determined by plate counts. 

About 1000 times less viable cells were found in the 
cultures were the supernatants of the lactobacilli were 
added as compared to the control (Table 6). The culture 
supernatant of the smooth variant had a stronger inhibi- 
tory effect than the rough variant. 

Table 7 

Cell numbers of E. coli K88, 24 h after the addition of 
the lactobacilli supernatants or dialysed BHI. 
Values given are means of three independent measurements. 
Addition Cell number 



15 dialysed BHI 

supernatant of strain 104r 
supernatant of strain 104s 

Characteristics of a Lactobacillus spp antagonistic effect 

20 against pathogenic Escherichia coli 

The metabolites of Lactobacillus strain 104 of 
porcine gastrointestinal origin were examined for their 
inhibitory effect on the growth of a pathogenic E. coli 
K88 strain. Preliminary studies showed that the growth of 

25 E. coli strain was inhibited not only by the crude culture 
supernatant but also after dialysis of the spent culture 
fluid, indicative of the presence of active components 
other than lactic acid and acetic acid or hydrogen 
peroxide. The culture of Lactobacillus strain 104 on agar 

30 plates yielded two different colony variants , smooth and 
rough. The rough strains showed an at least 10 times 
enhanced antagonistic activity against growth of E. coli 
K88 than the smooth strains. In addition the rough and 
smooth strains showed different adhesive capacities. For 

35 the rough strain 104 rb, the stability in MRS, BHI or LDM 
broth was examined and the antagonistic metabolite 
characterized. In addition, the influence of the carbon 



5' 



10 



1.9 x 10 7 
2.1 x 10 4 
1,0 x 10 4 
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source, oxygen tension, and growth phase on ! the activity 
of the antagonist were investigated. It was found that E. 
coli growth was inhibited by a high molecular weight 
compound that was heat and acid sensitive. The antagonist 
5 bound to E. coli cells and from the data it is plausible 
that this metabolite of strain 104 rb is proteinaceous . 
Inhibition of adhesion of enterotoxigenic Escherichia coli 
K88 to pig ileal mucus by metabolites of Lactobacillus 
crispatus strain 104 
10 The effect of metabolites of L. crispatus on adhesion 

of E. coli K88 to piglet ileal mucus was investigated. 
This was studied in an in vitro adhesion assay by pre- 
treating immobilized mucus with Lactobacillus metabolites. 
These were prepared from overnight culture supematants of 
15 L. crispatus by dialyzing and then fractionating through 
ultra filters with the cut off at the molecular weight of 
10,000 and 30,000. It appears that there are metabolites 
produced when L. crispatus is grown in BHI or LDM broth, 
that adhere to the ileal mucus and thereby inhibit t 
adhesion of E. coli K88. The active fraction, which is 
partially destroyed by heating, has a molecular weight 
greater than 30,000. Treatment with periodate, however, 
reduced the antagonistic effect, suggesting that com- 
pound(s) with carbohydrate constituents are active in the 
25 blocking of the receptor for the K88 fimbriae. 

Optimal culture conditions for the production of the 
antagonistic product by Lactobacillus strain 104 
Stability with subculturing 

The antagonistic action of the supernatant against E. 
coli K88 remained unchanged after 100 transfers of the 
cultures in liquid BHI or MRS medium or repeated freezing 
of the cultures. 
Medium composition 

Complex media, such as BHI or MRS, favoured the 
35 production of the antagonistic product'. 



20 



30 
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Production was reduced in dialysed BHI medium or LDM 
medium (semi-defined). Glucose was the only carbon source, 
out of 10 tested in LDM medium , that allowed the produc- 
tion of the antagonist. 
5 ' Oxygen tension 

Semi-anaerobic growth conditions favoured the pro- 
duction of the antagonist. Less activity was found in the 
supernatant of cultures , incubated unshaken under aerobic 
conditions. 

10 Nearly no activity was found in the supernatant of 

anaerobic cultures. 
Growth phase 

Most of the antagonist was produced in the stationary 
phase. 

15 Characterization of the antagonistic product 

1. Antagonistic effect not due to: 

- bacteriophage 

Dilution to extinction of the supernatant of the 
lactobacilli cultures gave no bacteriophage plaques. 
20 - hydrogen peroxide or low molecular weight acids 

The antagonistic effect was still present in dialysed 
supernatant. 

- low pH 

The pH in the controls and the cultures with added 
25 supernatant was adjusted to the same value. 

2. Properties of the antagonistic product 

- > 10000 Dalton 

The dialysed supernatant still contained the antago- 
nistic activity. 
30 - heat sensitive 

Heating of the supernatant to 100 f 5 q C for two minutes 
destroyed the antagonist. 

- sensitive to acid buffers 

After dialysing the supernatant against acid buffers 
35 no antagonistic activity was detected. 
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- not sensitive to pronase or trypsin r 

Addition of pronase or trypsin had no effect on the 
action of the antagonist against E. coli K88. 

- binds to E. coli K88 

5' When the supernatant of Lactobacillus strain 104r was 

pre-incubated with E. coli K88, re-centrifuged '4b remove 
the E. coli cells and then tested, n& growth ixiliibition of 
E. coli was found. 

These features make it plausible that the antagonist 
10 is a protein which is not sensitive to pronase and tryp- 
sin. - 

Antagonisti c effects of Lactobacillus fermentum of human 
origin on pathogens 

The results using method 101/1 are presented in Table 
15 8 and from the data it can be consluded that L. fermentum 
strain KLD has a marked antagonistic action on all bacte- 
rial isolates tested. 
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Table 8 

Antagonistic action of L. fermentum KLD against a range of 
strains. All strains are human pathogens except E. coli 
5 ' Sb5 and Streptococcus f aecium which are indigenous to the 
mouse gastrointestinal tract. Results are expressed as the 
size of the zone inhibition of growth of the pathogen when 
overlaid on colonies of L. fermentum KLD after growth of 
the KLD strain in MRS broth. 
10 Bacterial strain zone of inhibition (mm) 

Campylobacter jejuni 12 
E. coli C21 7 
E. coli C22 7 
15 E. coli H10407 7 
E. coli 334 8 
E. coli B2C 7 
E. coli -R 7 
E. coli KS219 7 
20 E. coli Sb5 6 
Salmonella sofia 7 
" eq.ph 7 
Streptococcus faecium 6 
Method 101/1 Screening for antagonistic metabolites 
25 This screening method can be used for either actively 

growing lactobacillus cultures or for bacterial suspen- 
sions prepared from the freeze dried preparations. The 
latter suspensions were prepared by shaking 2 g of dried 
powder together with 18 ml PBS. A point inoculum (10 pi) 
of the overnight culture, or the bacterial suspension in 
PBS, was placed on an BHI + 2% glucose plate. Two such 
point inocula were tested per plate. After 48 h incubation 
at 37° C in a candle jar, the pathogen to be tested was 
overlaid on top of the lactobacillus colony. This overlay 
35 consisted of 10 pi of an overnight culture of the pathogen 
in 3 ml soft agar. The plates were incubated overnight and 
the growth inhibition measured by the size of the zone of 
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no growth of the pathogen around the lactoba&Iilus colony. 
To compare from one plate and analysis to another, consis- 
tently uniform plates were prepared. 
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FIGURE LEGENDS 

FIG 1; Viable cell number of E. coli K88 during 

growth in BHI + glucose with or without 
5 addition of lactobacilli. 

A E. coli K88 alone 

o E. coli K88 and Lactobacillus strain 104r 
• E. coli K88 and Lactobacillus strain 104s 

Growth of E. coli K88 in BHI (A) with 
addition of 

a) supernatant of Lactobacillus strain 
104r (o) 

supernatant of Lactobacillus strain 
104s (•) 

b) 10-fold concentrated supernatant of 
strain 104r (Q ) 
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CLAIMS 

1. Products for inhibiting the adhesion of pathogens 
5 to gastrointestinal epithelial mucosa, or for inhibiting 

the growth and/or survival of pathogens in animals in- 
cluding humans, characterised in that they 
consist of metabolites including high molecular weight 
proteinaceous compounds produced by strains of Lacto- 
10 bacillus preferably originating from the gastrointestinal 
tract of the host to which the products will be adminis- 
tered. 

2. Products according to claim 1, characte- 
rised in that they are metabolites including high 

15 molecular weight proteinaceous compounds produced by 

Lactobacillus crispatus (fermentum) and related isolates. 

3. Products according to claim 1, characte- 
rised in that they consist of high molecular iweight 
proteinaceous metabolites produced by strains of Lacto- 

20 bacillus crispatus (fermentum) or related isolates, -which 
metabolites have the following characteristics: 

a) they have molecular weights greater than 8,0007 

b) they are heat sensitive; ' 

c) they are sensitive to acid buffers; 

25 d) they bind to enteropathogenic E. coli strains;:' . 

e) they have enhanced activity in the presence of lactic 
acid; 

f) the production of which is favoured by growth in 
complex media rather than in semi-defined medium;: 1 

30 g ) the production of which is favoured under semi-? 
-anaerobic growth conditions; X - 

h) the production of which is optimal in the late log 
phase and the stationary phase of growth of the 
lactobacilli; ' 

35 i) they are released into the growth medium. 
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4. A method of producing products for inhibiting the 
adhesion of pathogens to gastrointestinal epithelial 
mucosa, or for inhibiting and/or survival of pathogens in 
animals including humans, which products are metabolites 

5 * including high molecular weight, proteinaceous compounds 
produced by strains of Lactobacillus preferably origina- 
ting from the gastrointestinal tract of the host to which 
the products will be administrered, characte- 
rised in that a strain of Lactobacillus preferably 

10 originating from the gastrointestinal tract of the host to 
which the products will be administrered is cultured in 
complex media under semi-anaerob growth conditions, where- 
by the optimal production of metabolites occurs in the 
late log phase and in the stationary phase of the growth, 

15 and the metabolites are recovered from the growth medium 
into which they are released during the culturing. 

5. Preparations containing, as an active ingedient, 
metabolites including high molecular weight, proteinaceous 
compounds produced by strains of Lactobacillus preferably 

20 originating from the gastrointestinal tract of the animals 
to which the preparations will be administered, and, 
optionally, pharmaceutical ly acceptable constituents. 

6. Preparations containing viable strains of Lacto- 
bacillus preferably originating from the gastrointestinal 

25 tract of the host to which the preparations will be ad- 
ministered, which strains have the capacity of producing 
metabolites including high molecular weight, proteinaceous 
compounds active in inhibiting the adhesion of pathogens 
to gastrointestinal epithelial mucosa, or inhibiting the 

30 growth and/or survival of pathogens in animals including 
humans, and, optionally, pharmaceutically acceptable 
constituents . 

7. Preparations according to claim 5 or 6, cha- 
racterised in that the strains are Lactobacillus 

35 crispatus (fermentum) or related isolates. 
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8. Method of inhibiting the adhesion of pathogens to 
gastrointestinal epithelial mucosa, or inhibiting the 
growth and/or survival of pathogens in animals including 
humans, characterised in that metabolites 
5 including high molecular weight, proteinaceous compounds 
produced by strains of Lactobacillus, preferably origi- 
nating from the gastrointestinal tract of the animals 
including humans which are to be treated, are adminis- 
tered to the animals including humans. 

10 9. Method of inhibiting the adhesion of pathogens to 

gastrointestinal epithelial mucosa, or inhibiting the 
growth and/or survival of pathogens in animals including 
humans, characterised in that viable strains 
of Lactobacillus, preferably originating from the gastro- 

15 intestinal tract of the animals which are to be treated, 
are administered to the animals, which strains have the 
capacity of producing metabolites including high molecular 
weight, proteinaceous compounds. 
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